gree of obesity and the occurrence of postoperative complications, 7, 9, 13, 27, 34, 36, 40, 42, 47, 50 the authors of other well-designed reviews have reported no correlation between the degree or presence of obesity and perioperative complications. 1, 4, 10, 11 Presently, the literature contains no study conducted to assess the incidence of obesity in patients undergoing elective thoracic and lumbar fusion and the relation of obesity to perioperative adverse events in spinal surgery.
In the present study we attempted to examine the relationship between obesity and the incidence of perioperative adverse events and significant complications in a cohort of patients undergoing elective thoracic and lumbar fusion procedures. For this analysis, we used a widely inclusive definition of perioperative complications, as described by Hamilton: 21 ". . . any untoward event occurring to a patient while on the neurosurgical service . . . By this definition, therefore, the development of a urinary tract infection in a patient who had a foley catheter is considered a complication." Using this definition of adverse perioperative events, we anticipated finding a higher complication rate than would be detected by a less rigorous assessment, but we believe that fewer adverse events will be excluded.
Significant complications were defined as events that lengthened hospital stay, delayed recovery, or in some other way produced lasting detrimental effects. For example, a difficult Foley catheter insertion that produced transient hematuria and required that the patient be discharged with a temporary indwelling catheter was defined as an adverse event, but in most cases this incident does not delay overall recovery or yield a lasting detrimental effect. We considered this an adverse event, but not a significant complication. A DVT, in contrast, both delays a patient's recovery and yields a lasting adverse effect, requiring anticoagulation therapy or placement of a vena cava filter. Regardless of their anatomical relationship to surgery, we considered all DVTs significant postoperative complications.
We found a statistically significant relationship between the presence and degree of obesity and the incidence of perioperative complications in patients undergoing elective thoracic and lumbar fusion procedures. Our results suggest that the presence of obesity should be considered in the perioperative risk assessment for elective spine surgery. Specific care should be taken to limit perioperative positioningrelated palsies in extremely obese patients (BMI Ն 40).
Clinical Material and Methods

Chart Review
A retrospective chart review of a prospective database maintained by the senior author (J.K.R.) was completed. Patient data were recorded in a prospective case log. Complications were assessed by members of the surgical team who reviewed hospital and clinic charts. We assessed complications and adverse events in all patients undergoing elective thoracic and lumbar procedures during a 36-month period (July 2002-July 2005). We examined only cases of elective fusion in which the patient was treated for degenerative disease of the thoracic and lumbar spine; procedures undertaken to treat trauma, infection, neoplasm, and emergency indications were excluded from evaluation. Of 332 thoracolumbar cases, 86 procedures performed in 84 patients met inclusion criteria and form the basis of this study. All procedures were supervised or directly completed by the senior author (J.K.R.). Appropriate Health Insurance Portability and Accountability Act and institutional review board guidelines were followed. All procedures were performed at the Rush University Medical Center or the Neurological and Orthopedic Institute of Chicago.
Postoperative Complication Incidence
We used a broad and rigorous definition for the assessment of all perioperative adverse events, regardless of whether they directly related to the operative procedure in question. Significant complications and minor adverse events were distinguished based on whether overall patient outcome was affected. Significant complications were defined as events that lengthened hospital stay, delayed recovery, or in some other way produced a lasting detrimental effect. We considered all events occurring within 30 days of surgery to be relevant to our assessment. Late-onset complications, although not specifically addressed in the retrospective review, were included when noted.
Obesity and BMI
Although there are several different methods of defining obesity, the National Institutes of Health has proposed guidelines that categorize weight status using the BMI. The value is calculated as body weight in kilograms divided by height in meters squared. 35 A BMI value greater than 30 kg/m 2 is defined as obese, whereas a value between 25 and 29.9 kg/m 2 is considered overweight. Severe or morbid obesity is defined as BMI greater than 40 kg/m 2 . The BMI has been shown in large epidemiological studies to have a direct relationship with increasing morbidity and mortality rates. When body weight is increased 20% above average, the mortality rate increases by 20% in men and 10% in women. Specific comorbid conditions associated with obesity include hypertension, coronary artery disease, DM, pseudotumor cerebri, Pickwickian syndrome, and thromboembolic disease. 32 
Statistical Analysis
To identify statistical factors relevant to the risk of complications, we performed multivariate logistic regression using BMI, age, sex, and DM, hypertension, and raw measures of weight and height. Only significant variables (p Ͻ 0.05) were kept in the final regression model.
We used t-tests to test for significant differences in patient variables (age or BMI) when complications were present compared with when they were not. We also used t-tests to assess for relationships between age or BMI, and diabetic or hypertensive status.
Contingency tables were used to test for relationships between the incidence of complications and sex, DM, number of levels fused (single or multiple), or hypertension. All analyses were performed using JMP version 1.5.1 (SAS Institute).
Results
The procedures are summarized in Table 1 A standard array of complications occurred (Table 2 ). There were 42 adverse events in 31 patients, yielding an incidence of 36.9%. There were a total of 19 significant complications in 17 patients (20.2%). The relationships between patient variables are summarized in Table 3 . One patient developed a symptomatic pseudarthrosis requiring reoperation. For completeness, this complication is included in our analysis.
In almost three fourths of patients the BMI was greater than 25, making them technically overweight; the BMI in 39.3% was greater than 30, and in 7.1% it was greater than 40. The mean BMI was 28.8 Ϯ 6.5 (Ϯ SD). In patients with DM the BMI was 3.7 points greater than that in patients without DM, and in men it was 3.6 points above that in women. There was no statistical relationship between sex and DM.
Most patients had at least one medical comorbid condition. Hypertension was present in 42.9% of patients and DM in 19.0%. Patients with hypertension were on average 15.2 years older than those without hypertension. Although there was a statistical relationship between DM and hypertension, there was none between age and DM.
There was no relationship between age and BMI, but age correlated with the type of procedure. The mean age of patients undergoing instrumented posterior lumbar fusion was 69.1 years (95% CI 63.9-74.2 years); of those undergoing posterior lumbar interbody fusions the mean age was 54.2 years (95% CI 49.9-58.6 years); and of those undergoing anterior-posterior procedures the mean age was 45.4 years (95% CI 35.3-55.5 years) (p Ͻ 0.001). Age also correlated with the number of levels fused; the patients undergoing multilevel procedures were on average 10.8 years older than those in whom a single-level fusion was performed (p Ͻ 0.002).
The extent of surgery correlated with the risk of complications. Both adverse events and significant complications were more common in cases of multilevel fusion (p Ͻ 0.0001 and p Ͻ 0.006, respectively). Revision status did not correlate with minor adverse events or significant complications. * AE = adverse event; ant = anterior; MIS = minimally invasive surgery; PLIF = posterior lumbar interbody fusion; pst = posterior; TLIF = transforaminal lumbar interbody fusion. Logistic regression analysis (Fig. 1 upper) revealed that the risk of major complications increased with increasing BMI (p Ͻ 0.04). In patients who were merely overweight (BMI 25) the estimated chance of a major complication was 14%. This complication incidence increased to 20% when the BMI was 30, and 36% when it was 40. In cases involving a serious complication, the mean BMI was 3.7 points higher than in cases in which significant complications were absent. Neither sex nor the presence of DM was significantly related to the incidence of major complications. Positioning neuropathies only occurred in the extremely obese (BMI Ն 40).
Except for the morbidly obese, the estimated chance of a serious complication was lower than that of a minor complication. Minor complications were not significantly affected by BMI, but were correlated with patient age (Fig. 1  lower) . In cases involving a minor complication, patients were on average 8.8 years older. A 40-year-old patient had an estimated risk of minor complications of 26.1%, a 50-year-old of 34.4%, a 70-year-old of 46.4%, and an 80-yearold patient of 63.1%. Although age and hypertension were correlated, hypertension was not significantly associated with the incidence of minor complications.
With a multivariate logistic regression incorporating both number of levels fused and BMI, we found that BMI remained an independent predictor of significant operative complications (p = 0.05). Separately assessing cases of single-level and multilevel fusion as different patient cohorts, we found that BMI was related to significant complications only in the multilevel group (p Ͻ 0.01).
The relationships between BMI and minor complications and between age and significant complications are plotted in Fig. 1 . The logistic regression plotted in Fig. 1 lower suggests that age is associated with a 15 to 20% increase in major complications. The statistically significant changes in probability shown in the Fig. 1 graphs are over scales of 40% or more.
Discussion
Incidence of Adverse Events in Lumbar Spine Surgery
Thoroughly assessing medical adverse events occurring in the perioperative period can be difficult due to multiple factors. A major issue is the unclear definition of a "complication." 7 Therefore, we used a broad definition of perioperative complications, with the aim of limiting bias in 
FIG. 1. Graphs showing the relation of BMI to significant operative complications (upper) and the relation of age to minor operative complications (lower). Upper:
Logistic regression analysis revealing a statistically significant (p Ͻ 0.04) relationship between BMI and the probability of a patient suffering at least one significant perioperative complication after undergoing elective thoracic or lumbar fusion. The increase in risk of minor complications was small (8% across the range of BMI values) and not statistically significant. Lower: Logistic regression analysis demonstrating a statistically significant (p Ͻ 0.02) relationship between age and the probability of a patient suffering at least one minor perioperative complication after undergoing elective thoracic or lumbar fusion. Although the relationship between major complications and age was not statistically significant (p Ͻ 0.3), this may be due to a small sample size. Both lines are drawn on the figure to enable comparison. NS = not significant. our retrospective review. By separately assessing both minor adverse events and significant complications, we sought to thoroughly assess the postoperative course in our patient cohort. Our complication profile is similar in both incidence and composition to other authors' reported incidences. 5, 6, 25, 28, 38 Buchl et al. 5 reviewed adverse events associated with pedicle subtraction osteotomy in a cohort of 78 patients. They reported nine cases of hardware failure (11.53% of patients), five of pseudarthosis (6.41%), five of wound infection (6.41%), and one of neurological deterioration (1.28%) as major complications. Also reported were a host of minor complications: four dural tears (5.13%), two postoperative radiculopathies (2.56%), two hardware removals (2.56%), four DVTs (5.13%), two wound dehiscences (2.56%), one iliac crest donor site infection (1.28%), and one case of postoperative hepatitis (1.28%). The data obtained in a number of patients with multiple complications make the overall incidence indeterminate, with an upper range of 25% for major complications. 5 Reviewing the recent Charité Food and Drug Administration investigational device exemption study, 3 Holt et al. 25 reported a significant incidence of complications, including approach-related events 8.1% of anterior lumbar interbody fusion and 9.3% of arthroplasty procedures frequent postoperative neurological deficits (16.1 and 17.2%, respectively), and need for revision surgery (8.1 and 5.4%, respectively). In the observation portion of the study, pseudarthroses occurred in 9.1% of anterior lumbar interbody fusion-treated patients.
Kilincer et al. 28 retrospectively reviewed complications and associations with age and medical comorbidities. They reported overall "surgery-related" complications in 11% of their patients, including cerebrospinal fluid leaks, excessive blood loss, and a deep wound infection. An additional 3.1% of patients suffered "medical complications." 44 Additionally, DVTs have been reported to occur in 14% of patients undergoing major spinal procedures, with pulmonary embolism occurring in up to 8%.
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Relation of Obesity and Low-Back Pain
A relationship between obesity and low-back pain is unclear. Some authors have reported a correlation between obesity and the incidence of low-back pain, 2,24 whereas others have noted no correlation between the conditions. 30, 31, 41 In a review by Garzillo and Garzillo 19 the authors concluded that a possible association can only be made between severe obesity and low-back pain. They also concluded that changes in weight were not associated with changes in lowback pain. In another literature review, Mirtz and Greene 32 found that in patients with BMI values between 30 and 40, there is a moderate risk of low-back pain, whereas in patients with BMI greater than 40 there was a moderate to high risk. Fanuele et al. 12 found a diminished functional status, increased risk of radicular pain, and an increased number of Workers' Compensation claims in obese patients. 12 In genetic studies involving twins, investigators have shown a modest correlation between the presence of obesity and the occurrence of low-back pain. 29 A search of the literature reveals only a tenuous link between obesity and the incidence of symptomatic lumbar disease manifested by low-back pain. Although analysis of our data demonstrates a high incidence of obesity in a population of patients undergoing elective thoracic and lumbar fusion, assuming a causal relationship between these factors is not valid.
Prevalence of Obesity in Patients Undergoing Elective Thoracic and Lumbar Fusion
In our population there was a slightly higher rate of overweight and obese patients than in the general public, 71.4% (95% CI 62-81%) compared with the National Health and Nutrition Examination Survey estimate of 65% incidence in adults in the US. The incidence of overweight and obese patients in our cohort was not statistically different from the national distribution. Similarly, an estimated 39.3% of patients in our cohort had a BMI greater than 30 (95% CI 28.8-49.7%). Nationally, 32% of patients have a BMI of 30 or greater, again slightly lower than that in our cohort but not by a significant margin. 15, 16, 23, 37 Obesity has been correlated with an increased risk of DM and hypertension. 16, 17, 37 In our patient population, the incidence of DM was 19.5% and that of hypertension was 43.7%. These rates are within National Health and Nutrition Examination Survey population norms.
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Obesity and Operative Complications
The obese patient presents several technical challenges. Preoperative imaging studies may be difficult to obtain and of poor quality because of size constraints in magnetic resonance imaging machines and inadequate range of motion when obtaining flexion and extension radiographs. Perioperatively, increased adiposity may make obtaining venous and arterial access and airway control difficult. The administration and withdrawal of lipophilic anesthetic is complicated by the increased distribution space. Impaired pulmonary function may impair anesthesia management. 8, 18 Diabetes mellitus and insulin resistance are often associated with obesity. Additionally, pulmonary embolisms lead to death in the obese patient more frequently than in the nonobese. 39, 46 It is unclear if obesity contributes to perioperative surgical complications. The seemingly intuitive link between increasing BMI and impaired outcomes has been contested by many authors in diverse specialties. In spine surgery, a number of authors attest to the lack of correlation between obesity and both complication incidence and overall patient outcome.
Dindo et al., 10 in a study of more than 6000 patients undergoing elective general surgeries, found no correlation between obesity and major or minor perioperative complications. In a series involving more than 2200 cardiopulmonary bypass procedures, Moulton et al. 33 reported no increase in perioperative risk of cardiac surgery due to obesity. The results of these large series call into question the relationship between obesity and operative complications. Jiganti et al. 26 observed no increase in perioperative complications in obese patients undergoing joint replacement.
Conversely, others have reported an increased risk of operative complications in obese patients. This includes reports in the gynecological, orthopedic, cardiovascular, urological, and transplantation literature. 7, 13, 27, 34, 40, 43, 47 Obese patients have also been reported to have worse outcomes after blunt trauma. 36 The authors of a 10-year retrospective study of 8000 cardiac surgery patients found a correlation between obesity and the incidence of postoperative newonset atrial fibrillation. 50 No definitive conclusion on the relationship between obesity and the incidence of perioperative complications can be drawn definitively from the literature.
The specific relation of obesity and perioperative complications in spine surgery is also not clear. In elderly obese patients, Gepstein et al. 20 reported a higher complication rate in lumbar decompressive surgery as BMI increased, but they found no difference in overall clinical outcomes. Similarly, Andreshak et al. 1 and Hanigan et al. 22 reported no difference in complication rate between normal-weight and obese patients. Telfeian et al., 48 however, noted a high complication rate (50%) but good overall outcomes in a small series of morbidly obese patients. Wound infection rates may be higher in obese patients, but a range of incidences from 0 to 33% has been reported. 1, 20, 22, 48, 49 We found no assessment of obesity impact on perioperative complications after more extensive fusion procedures in the literature.
In our review, we found a clear correlation between obesity and the incidence of significant perioperative complications in a cohort of patients undergoing thoracic and lumbar fusion procedures. Based on our findings, we maintain that the presence and degree of obesity may substantially affect the incidence of significant perioperative complications. This increased risk of significant perioperative complications is independent of age, levels fused, comorbid medical conditions, and type of procedure. The overall outcomes were not assessed in this review. Although obesity is not a contraindication to elective fusion procedures, the contribution of obesity to operative complications should be included in preoperative decision making and patient selection.
Peripheral Nerve Palsies
Severely obese patients were at an increased risk of developing peripheral nerve injuries in regions remote from the surgical site when in the prone position during spine surgery. These peripheral nerve palsies only occurred in morbidly obese patients (BMI Ͼ 40). One brachial plexus and one common peroneal palsy occurred in this series; both resolved without the need for operative intervention.
Positional palsies may be attributable to increased weight that causes traction stresses on the axillary and/or peripheral neurovascular bundles. Attention should be paid to adequate support and extremity padding in the extremely obese patient.
Conclusions
We demonstrated a statistically significant relationship between the presence of obesity and the incidence of perioperative complications in patients undergoing elective thoracic and lumbar fusion procedures. This study is merely a retrospective review, and it was open to significant bias; we attempted to limit bias by using an inclusive definition of perioperative complications. Our results suggest that the presence of obesity should be considered in the perioperative risk assessment for elective spine surgery. Specific care should be taken to limit perioperative positioning-related palsies in the extremely obese patient (BMI Ͼ 40).
